Abstract. High rates of dental-related potentially preventable hospitalisations are thought to reflect poor access to nonhospital dental services. The association between accessibility (geographic and financial) to non-hospital dentists and potentially preventable hospitalisations was examined in Western Australia. Areas with persistently high rates of dentalrelated potentially preventable hospitalisations and emergency department (ED) presentations were mapped. Statistical models examined factors associated with these events. Persistently high rates of dental-related potentially preventable hospitalisations were clustered in metropolitan areas that were socioeconomically advantaged and had more dentists per capita (RR 1.06, 95% CI 1.04-1.08) after adjusting for age, sex, socioeconomics, and Aboriginality. Persistently high rates of ED presentations were clustered in socioeconomically disadvantaged areas near metropolitan EDs and with fewer dentists per capita (RR 0.91,. A positive association between dental-related potentially preventable hospitalisations and poor (financial or geographic) access to dentists was not found. Rather, rates of such events were positively associated with socioeconomic advantage, plus greater access to hospitals and non-hospital dental services. Furthermore, ED presentations for dental conditions are inappropriate indicators of poor access to non-hospital dental services because of their relationship with hospital proximity. Health service planners and policymakers should pursue alternative indicators of dental service accessibility.
Introduction
Potentially preventable hospitalisations (PPHs) are a group of admissions that are considered avoidable through appropriate preventive and primary care. It is suggested that high rates of these events represent health inequalities (Duckett 2016) and may indicate high rates of prevalence of such conditions in the community, poor functioning of the non-hospital or primary healthcare system, or an appropriate use of the hospital system in response to greater need (Australian Institute of Health and Welfare 2013).
High rates of dental-related PPHs are thought to indicate poor access to dental services in policy documents (Australian Institute of Health and Welfare 2013; National Health Performance Authority 2015; COAG Health Council 2015; Duckett 2016 ) and the research literature (Caffery et al. 2017; Coles et al. 2017) , where they may be used to justify provision of additional dental services. Both lower socioeconomic status and insufficient provision of dental care are known to be associated with poor oral health (Spencer and Harford 2008; Petersen and Kwan 2011; Coles et al. 2017) ; however, to the authors' knowledge, no such associations have been found with PPHs for dental conditions. The Grattan Institute report, Perils of Place (Duckett 2016) examined PPH rates in small geographical areas; that is, Australian Bureau of Statistics Statistical Area Level 2 (SA2), which contain, on average, 10 000 people (Australian Bureau of Statistics 2011). This report noted that areas with high rates of PPHs (referred to as 'hot') where rates persist for long periods of time (i.e. more than 1 year) are more likely to continue have high rates into the future. It was proposed that such areas should be priorities for increased primary healthcare provision (Duckett 2016) . Hotness was also found to be related to factors such as remoteness, socioeconomics and the proportion of Aboriginal people in an area (Duckett 2016) . Persistently high rates of dental-related PPHs were proposed to reflect priority areas for increased access to dental care, and are defined by the Australian Institute of Health and Welfare (AIHW) using the diagnostic codes outlined in Methods section (Australian Institute of Health and Welfare 2015) .
Access to dental care may be measured by financial and geographic factors (Levesque et al. 2013) . Therefore, financial and geographic accessibility to non-hospital dentists are analysed against rates of dental-related preventable hospitalisations using spatio-temporal and statistical methods. Secondarily, high rates of emergency department presentations are investigated as an alternative indicator of access to non-hospital dentists.
Methods
Admissions and ED presentations for dental-related conditions at any hospital in Western Australia (WA) were identified from 2002 to 2014 with a principal ICD-10-AM (International Statistical Classification of Diseases and Related Health Problems, Tenth Revision, Australian Modification) diagnosis code of: K02 (Dental caries), K03 (Other diseases of hard tissues of teeth), K04 (Diseases of pulp and periapical tissues), K05 (Gingivitis and periodontal diseases), K06 (Other disorders of gingiva and edentulous alveolar ridge), K08 (Other disorders of teeth and supporting structures), K09.8 (Other cysts of oral region, not elsewhere classified), K09.9 (Cyst of oral region, unspecified), K12 (Stomatitis and related lesions), K13 (Other diseases of lip and oral mucosa), and K14.0 (Glossitis). All hospital admissions and ED presentations in Western Australia with an ICD-10-AM code, including children and adults, public and private hospitals were used for analysis. These codes are derived from the AIHW list of dental-related PPHs To obtain population estimates for the years between censuses, the population was standardised to 2011 SA1 boundaries by population-weighted means under age, gender and Aboriginal status strata, and linear-interpolated at the SA1 level before aggregating to SA2, of which there are 252 in Western Australia and 153 in the Perth metropolitan region. SA1 is the smallest available geographical area from the Australian Bureau of Statistics. The age-and gender-specific population for the years of 2012-14 was obtained from the population projections, available at SA2 level, but not for the Aboriginal population (Australian Bureau of Statistics 2016). Therefore, it was assumed that the proportion of Aboriginal population remained constant from 2011.
To obtain estimates for percentile rank of the socioeconomic status, the index values for years between censuses were standardised to SA1 boundaries, linearly interpolated at the SA1 level, aggregated by population-weighted means to SA2 level, then percentile ranked. The socioeconomic index values for years of 2012-14 were extrapolated from the 2006 and 2011 census at SA1 level, aggregated to SA2 by population-weighted means, then percentile ranked.
Age and sex standardised rates (ASSRs) for each SA2 and each year from 2002 to 2014 were calculated (Eayres 2008) . Areas were designated 'hot' if two criteria were met. First, the standardised rate ratio (SRR) of the SA2 had to be greater than 1.2. This was defined as the ASSR of the SA2 divided by the entire population's ASSR (either metropolitan Perth or the entire state, depending on the analysis). Second, the ASSR of the SA2 was required to be statistically significantly greater than the ASSR for the entire population for each year, as identified by the 95% confidence interval of each rate (Breslow and Day 1987) . In contrast, the original reported method to define 'hot' arbitrarily excluded areas with a population under 1000 people in an attempt to avoid identifying statistically insignificant variation. Furthermore, the threshold SRR was set at an arbitrary threshold of 1.5 (Duckett 2016) . However, very few areas persisted for any period of time at such a high SRR if only statistically significantly high ASSRs were counted as hot in the data examined here. Therefore, the threshold SRR was reduced to 1.2. Then, the number of years that each SA2 had been persistently hot before and including 2014 was tallied.
Nearest emergency department distance was calculated by using the road network from the centroid of each SA1, and a population-weighted nearest distance was calculated for each SA2. Number of dentists per capita was calculated based on the number of dentists in each SA2 that were registered with the Australian Dental Association (ADA). This data was supplied by the ADA and was current in 2013. SA2s with a population of less than 20 were excluded from this calculation.
To perform multivariate analysis, a negative binomial model for the count of ED presentations was used (splitting the population by age group, sex and ethnicity) with a log link to the population and an autoregressive correlation structure using a repeated statement for each year within SA2. Subgroups with less than 20 people were removed. Geographic Information System (GIS) analysis was conducted using ArcGIS (ver. 10.3, ESRI, Redlands, CA, USA), and statistical analysis was done using SAS (ver. 9.4, SAS institute, Cary, NC, USA) software. The measure of statistical significance used throughout the analysis was at an a of 0.05.
Please note that throughout this paper, the term 'Aboriginal' is used to denote Australian Aboriginal or Torres Strait Islander status. Hospital records for individuals who were identified at least once as Aboriginal or Torres Strait Islander (Aboriginal) in any dataset were scored as positive for Aboriginal status.
This project was approved by the Department of Health WA Human Research Ethics Committee and the West Australian Aboriginal Research Ethics Committee.
Results
There were 71 000 inpatient admissions and 33 000 ED presentations in the 13 years examined, associated with 20 million person-years of data in the metropolitan region of Perth (Table 1 ). The highest number of admissions occurred
What is known about the topic?
* Higher socioeconomic status and provision of dental care are associated with good oral health.
What does this paper add?
* High rates of dental-related potentially preventable hospitalisations, as defined by the Australian Institute of Health and Welfare, do not reflect poor financial or geographical access to dentists.
for people from the least disadvantaged socioeconomic quintile, whereas the highest number of ED presentations occurred for people from the most disadvantaged quintile. The most common diagnosis of admission within the AIHW-defined list of conditions was 'dental caries' (K02). The most common diagnosis in ED presentations was 'diseases of pulp and periapical tissues' (K04) ( Table 2) . Shown in Fig. 1 is the population distribution in the Perth metropolitan area, the quintiles of IRSAD for the year 2014, and the number of dentists per capita in each SA2.
By using the ASSR across the state as a benchmark for hotness, persistent hotness was examined across all SA2s in WA. Persistent hotness outside metropolitan Perth was rare, with only one regional SA2 being persistently hot for more than 1 year in 2014 (4 years in this case, data not shown). However, persistent hotness was prevalent in metropolitan Perth. Figure 1 shows the areas defined as 'hot' for dental-related admissions in metropolitan Perth, using the ASSR across this area as the benchmark for hotness. Areas that were hot for longer are shaded heavier and some areas were hot for up to 11 years. It can be seen that these areas cluster in the coastal area just north of the Swan River, in areas generally in the highest IRSAD quintile and with the highest access to dentists.
Multivariate modelling was undertaken to examine the factors associated with high rates of dental-related admissions in metropolitan Perth (Table 3) . Aboriginal status (rate ratio (RR) 1.65, 95% CI: 1.56-1.75), age and gender were all found to be significantly associated with admission rates. Areas in high IRSAD quintiles (least disadvantage) had higher rates of admission. The interaction of IRSAD quintile with distance to the nearest emergency department is shown (Fig. 2) . In the least disadvantaged quintiles, the rate of admissions decreased as distance to nearest ED increased, whereas distance to the nearest ED had no effect on admission rates for residents in the most disadvantaged SA2s. More dentists per thousand of population were associated with higher rates of dental-related admissions (RR 1.06, 1.04-1.08).
Areas with persistently high rates of ED presentations were found to lie within the socioeconomically disadvantaged SA2s of the outer metropolitan region. These areas lie within clusters that were often nearby outer metropolitan emergency departments (Fig. 1) . Dental-related ED presentations were not examined outside metropolitan Perth because ICD-10-AM codes are generally not used in coding ED presentations to regional WA hospitals.
Multivariate modelling was undertaken to examine the factors associated with high rates of dental-related ED presentations (Table 4) . Aboriginal status (RR 5.24, ), age and gender were all found to be significantly associated with ED presentation rates. Areas in low IRSAD quintiles (most 'hot' before and including 2014 in years, for dental-related admissions and dental-related emergency department (ED) presentations. Black crosses mark the locations of emergency departments.
disadvantaged) had higher rates of ED presentations. The interaction of this with distance to the nearest emergency department is shown (Fig. 2) . In the most disadvantaged quintile, the rate of ED presentations decreased as distance to the nearest ED increased. More dentists per thousand of population were associated with lower rates of dental-related ED presentations (RR 0.91, 0.88-0.94).
Discussion
High rates of PPHs are widely used in government to indicate poor access to primary care (Katterl et al. 2012; Duckett 2016) , and are commonly found to be higher in areas of relative socioeconomic disadvantage (Katterl et al. 2012; National Health Performance Authority 2015) . A recent report stated:
When people end up in hospital for diabetes, tooth decay, or other conditions that should be treatable or manageable out of hospital, it's a warning sign of system failure [Duckett 2016 ].
The Atlas of Avoidable Hospitalisations in Australia suggests the use of areas with high rates of PPHs in the following way:
Analyses at the area level may assist as a tool to monitor need; as a performance indicator of variations in access to, or the quality of, primary care; or in allocating limited resources among communities [Page et al. 2007 ].
Persistently high rates of dental-related admissions were clustered in the more affluent areas of metropolitan Perth, near the coast and just north of the Swan River. Furthermore, 77% of the dental-related admissions were to private hospitals (data not shown). Multivariate analysis showed that the geographical pattern observed was associated with areas of high socioeconomic status, proximity to emergency departments and high access to dental services. It must be noted that all EDs are co-located with admitting hospitals. Perversely, the use of persistently high dental-related admission rates as a guide to allocating resources would lead to greater spending on preventative dental care among populations with the greatest financial and geographic access to dental services.
Geo-spatial analysis of dental-related ED presentations showed that persistently high rates were clustered around outer metropolitan EDs in areas of lower socioeconomic status. It is known that dental health is poorer in lower socioeconomic areas (Spencer and Harford 2008; Coles et al. 2017) . Multivariate analysis showed that the geographical pattern observed was associated with areas of lower socioeconomic status, proximity to emergency departments, and lower access to dental services. Thus, lower socioeconomic areas not nearby an ED did not necessarily have high rates of ED presentation. This suggests that, although areas with persistently high rates of dental-related ED presentations may reflect both poorer dental health and poor access to dental services, it is also associated with increased access to emergency departments within lower socioeconomic areas and would therefore be an incomplete indicator of access to dental services. Coding differences among emergency departments (as noted, ICD-10-AM codes are largely not used in regional Western Australia) in regional Australia further limit the utility of such an indicator. Finally, higher rates of both dental-related hospital admissions and ED presentations were associated with Aboriginal status. High admission rates for dental-related conditions in Aboriginal communities have been previously observed (Kruger and Tennant 2016) . It is likely that this reflects, in this particular group, poorer oral health and poorer access to dental services. Higher prevalence of dental caries in Aboriginal children has been observed (Christian and Blinkhorn 2012) and Aboriginal patients admitted to hospital for dental conditions are less likely to be insured (Kruger and Tennant 2016) .
It is known that rates of hospitalisations for impacted and embedded teeth are associated with higher socioeconomic status (George et al. 2012) . This diagnosis (K01) is not included in the AIHW list of dental-related PPHs. The results of this study might suggest that exclusions should apply to other diagnosis codes also.
These results are likely to be replicated in other Australian states. In particular, examination of crude rates suggests that high rates of dental-related admissions are often associated with higher socioeconomic areas. In the Perth metropolitan area, four of the five SA3 regions with the highest crude rate of admissions for dental-related potentially preventable conditions in 2015-16 were in the highest quintile of IRSAD (Australian Institute of Health and Welfare 2017). In every other capital city of Australia except Brisbane, at least two of the five highestranking SA3s (in terms of crude rates) belonged to the highest quintile of socioeconomic status. SA3 regions with high crude rates of admission could also be found in rural areas (Australian Institute of Health and Welfare 2017). However, neither the statistical significance of these high crude rates nor evidence of their persistence has been reported. The analysis presented here for Western Australia found statistically significant and persistently high rates only occurred in metropolitan, rather than rural areas.
This study has caveats. First, IRSAD ranks for areas in years outside of Australian Census years were interpolated or extrapolated based on index scores from 2001, 2006 and 2011. The variables used in calculating the index differed between census years and this reduces the comparability of the values over time (Australian Bureau of Statistics 2013). However, the index was intended to measure the same underlying issue (relative socioeconomic advantage and disadvantage) and areas were split into the broad category of quintiles. Thus, in the absence of dramatic changes in socioeconomic status by area, it is suggested the approach used here is reasonable. Also, the number of dentists per capita was based on 2013 values, but used in regression analysis for years from 2002 to 2014. Thus, the value of this variable can only be expected to be approximate outside of 2013. Lastly, this study has examined, as a group, the list of dental-related diagnosis codes that are listed as PPHs (Australian Institute of Health and Welfare 2015). Therefore, the findings may not be applied to subgroups of diagnoses. Persistently high rates of dental-related hospital admissions have been used by government agencies and researchers as indicators of the quality or effectiveness of non-hospital care (Duckett 2016 ; Australian Institute of Health and Welfare 2013; National Health Performance Authority 2015; COAG Health Council 2015; Caffery et al. 2017; Coles et al. 2017) . The identification of priority areas for place-based interventions is a complex topic that varies between health systems and health conditions (Longman et al. 2015) . However, this analysis demonstrates that high rates of dental-related hospital admissions do not necessarily reflect poor access to dental services, whether such access is measured in financial or geographic terms, and ED presentations are also limited indicators of such access. Health service planners and policymakers are encouraged to pursue more direct indicators of access to primary care and oral health inequality.
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